Mitochondria alterations in Cd2+-treated rats: general regression of inner membrane cristae and electron transport impairment.
Young adult rats absorbed 50 p.p.m. Cd2+ added to drinking water. After 6 weeks, 3, 6 and 9 months of treatment, the ultrastructural condition of liver, kidney and muscle was observed by electron microscopy. The choice of these tissues was determined by their differences in the capacity to accumulate Cd2+: the liver is able to concentrate a considerable amount of metal, but redistributes it throughout the entire organism, while the kidney collects it in view of its elimination. Muscle contains the least Cd2+. A general regression in mitochondria cristae accompanied by a vesiculation and a fragmentation of endoplasmic reticulum appeared simultaneously in the three tissues, at as early as 6 weeks of treatment, and extended progressively with its continuation supporting evidence of a general attack of the intracellular membrane systems. Cd2+ stimulation of membrane-degrading enzymes such as phospholipases and proteases was suggested. A concomitant diminution in glycogen stores was noted. Active synthesis of neutral lipids, especially cholesterol esters, took place in liver mitochondria of treated rats in collaboration with rough endoplasmic reticulum, and progressively generated a multiplication of electron-transparent inclusions in cytoplasm. Isolated mitochondria from liver, kidney and muscle of Cd2+-treated rats maintained partial energy coupling, but displayed a rapid early fall in cytochrome oxidase followed by a partial restoration after 6 months of treatment, and a progressively slackening of succinate dehydrogenase. Isolated vesicles of liver mitochondria inner membrane of treated rats behaved as intact mitochondria, indicating changes inside the membrane itself. Addition in vitro of the metal ion to mitochondria and also to inner membrane vesicles isolated from control rats revealed that Cd2+ was able to stop completely succinate dehydrogenase, but was totally ineffective on cytochrome oxidase. Membrane fixation of Cd2+ on the flavoprotein or SH associated with succinate dehydrogenase is proposed. Considering the close parallelism of the extensive depression of microsomal NADPH cytochrome c reductase and the rapid fall in mitochondrial cytochrome oxidase, it is suggested that an indirect inhibition process occurs, through Cd2+-induced diminution of a constituent common to all cytochromes in the cell.